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Dynamic and Thermal Effects 


Table 17.4 Comparative Values of Thermal Stress Index for Typical 
Materials 


Material 

Ultimate 

Tensile 

Strength 

(psi) 

Coefficient 
of Thermal 
Expansion 
(in./in. °F) 

Thermal 
Conductivity 
(Btu/hr ft °F) 

Modulus of 
Elasticity 
(psi) 

Thermal 
Stress 
Index 
(Btu/ft hr) 

Aluminum 

68,000 

13 X 10 -6 

75 

10.4 x 10 6 

37,800 

alloy, 24 ST 
Magnesium 

34,000 

15 X 10 -6 

45 

6.5 X 10 

15,300 

alloy 

Structural 

60,000 

7 X 10~ 6 

22 

29 x 10 6 

6,500 

steel 

Nickel 

100,000 

8 X 10 -6 

15 

30 x 10 6 

6,250 

steel, A8 
Titanium 

80,000 

5.5 x 10 -6 

10 

16 x 10 6 

9,100 


THERMAL STRESS INDEX 

In selecting the material for a particular application involving thermal effects, the 
thermal stress index can be employed. For the purpose of this discussion, the index 
will be denoted by TSI. 

TSI = (17.3) 

where a u is the ultimate tensile strength and E is the modulus of elasticity. The 
parameters k and a denote the thermal conductivity and the coefficient of linear 
expansion, respectively. Accordingly, the dimensions of the index must be Btu/ft hr. 

The index may be defined as a qualitative measure of the ability of a given 
material to resist thermally induced stresses. It appears that the higher the index, 
the higher the ability of the material to resist thermal gradients. For instance, a 
few comparative values of TSI are given in Table 17.4. 


THERMAL SHOCK 


The index, given by Eq. (17.3) is particularly useful in correlating the material 
properties with reference to the resistance to fracture by thermal shock [105]. The 
maximum temperature that the material can withstand under the thermal shock 
conditions is dependent on the mechanical properties of the material but indepen¬ 
dent of thermal conductivity. 


T 

max 


°u i 1 - v) 
olE 


(17.4) 


Equations (17.3) and (17.4) are the necessary parameters for a complete determi¬ 
nation of the thermal shock resistance of a given material. It is understood that 



